Study of the death rates of animals treated with those hormones which exerted a protective effect and of the death rates among the controls showed that the number of survivors at the termination of the experiment could be correlated with the slopes of the death rate curves. Thus, in instances where a protective endocrine preparation was administered, the first death among the treated animals did not take place until some time after deaths had appeared in the control groups or in those which had received substances only slightly or moderately protective. This indicated that, although not all of the animals treated with such materials as prolactin, parathyroid extract, or thyrotropic hormone were protected to the point where they were able to survive, all were provided with some increase in resistance. In many instances this was sufficient to delay death for an appreciable time.
Although the protective effect of some hormones has been demonstrated in the case of experimental anthrax infection, these results may not hold for other infections. Since it was thought that the increase in resistance which had been produced was more or less non-specific and was not directed against any particular organism or related to the enhancement of a single immunologic process, but probably was the result of a general decrease in susceptibility of the treated animals, the investigation reported here was undertaken to determine whether or not the same hormones would have a like effect in other infections.
The suggestion has been made that the ability of certain types of organism to invade a host may be related to the production of a spreading factor, hence, it was thought that determination of the effect of hormones on this substance might throw some light on the mechanism by which endocrine secretions raise the resistance of animals to experimental disease. The spread of India ink as influenced by testicular extract was studied in hormone-treated and control rabbits.
Materials and methods
The hormone preparations used in this work were parathyroid extract and an extract prepared fiom the anterior portion of the pituitary gland, no attempt being made to isolate any of its components. The endocrine substances were injected daily for a period of 5 days, a day of rest was allowed, 5 more daily injections were given, followed by another day of rest, and a final series of 5 doses of hormone was administered. At the conclusion of this treatment, the experimental animals were infected with various organisms or with tetanus toxin and the death rates were determined. For the tests involving spreading factor, 15 rabbits were divided into 3 groups of 5 each (3 males, 2 females). Two of the groups were injected with hormones, the third receiving broth. After 3 weeks of treatment, spreading factor (testicular) and India ink were used to study the permeability of the cutaneous tissues and any changes which might have been produced by the hormone administration. Ink and testicular extract were injected intracutaneously on one side and ink mixed with physiologic saline on the other.
The organisms used for infection were E. coli, Ps. pyocyaneus, and K. pneumoniae. The minimum infective dose of each of these bacteria was determined and the necessary number of organisms injected intraperitoneally on the day following cessation of hormone administration. In the tetanus experiments, the animals were injected subcutaneously over the left hip with toxin, two groups of 40 mice each being used in each test and two separate experiments being carried out. Two m.l.d. were used in the first experiment and 5 m.l.d. in the second, observations being made of the appearance of spastic paralysis and of death.
Results

Infection with Klebsiella pneumoniae
Following infection with K. pneumoniae, no differences could be detected either in the death rate or in the total number of survivors between those groups of mice treated with parathyroid extract or anterior pituitary substance and the controls. Two experiments, with 40 animals in each group, gave practically the same results. As a matter of fact, in some stages of the experiments the hormone injections seemed to decrease resistance, as shown by the fact that the number of survivors at certain time intervals was greater in the control groups than in those treated with either endocrine preparation. The data from one of these experiments appear in Table 1 . Infection with Escherichia coli Forty mice treated with each hormone and the same number of controls were infected with E. coli intraperitoneally and the time of death of each animal was noted. Since it was found that the greatest percentage of each group died within 24 hours following injection of the organisms, it seems probable that the death of the animals was caused not solely by invasion but in great part by intoxication with bacterial protein. Thus, the study of this infection presented an opportunity to ascertain the effects of prophylactic hormone treatment on a combined infection and intoxication. Almost all of the deaths had occurred at the end of 24 hours following injection of the organisms. Ninety-five per cent of the control animals were dead 24 hours after infection, while all had succumbed by the end of 48 hours. Sixty per cent of the parathyroid-treated mice died in the first 24 hours, there being no further deaths even after 120 hours. Similar results were obtained with the group which had been given anterior pituitary extract prophylactically, the total number of deaths being 80 per cent at the end of the experiment (Table 2) . 
Infection vhtk Pseudomonas pyocyaneus
Parathyroid extract given prophylactically exerted a very marked effect in increasing the resistance of mice to Ps. pyocyaneus when injected intraperitoneally, the death rate being not only retarded but diminished in degree. A difference of 55 per cent in the number of animals surviving in the parathyroid and control groups was noted. Extract of the anterior pituitary gland was also found to exert a protective action, but not of the same magnitude and its effect was more pronounced on the death rate than on the number of survivors. A difference of only 10 per cent between the pituitary and the broth-treated mice was noted at the completion of the experiment. The relative activity of the two hormones was found to be the same as in infection with E. coli. In view of the fact that fairly large amounts of culture had to be injected in order to produce death in any of the animals and that a large portion of the control group succumbed within 24 hours following injection, it would seem that intoxication with bacterial protein played a greater role than did actual invasion. In this experiment, therefore, as well as in the preceding one, the effect of the hormones on a combined infection and intoxication, rather than on a simple bacterial infection, was determined. The results are given in Table 3 . Fifteen rabbits were divided into three groups of five each; one group received 30 Hanson units of parathyroid extract daily for three weeks prior to being tested with spreading factor, another group received a similar course of I cc. injections of extract of the anterior pituitary gland, and the third was given meat extract broth in place of the hormones. At the end of this period of treatment, India ink in physiologic saline was injected intracutaneously in one site on each animal and India ink combined with testicular extract in another site. Observation of the areas injected showed 2 and 24 hours later that in the control rabbits the testicular extract had enhanced the spread of the ink, as would be expected. No such difference could be detected in the five animals which had received parathyroid extract prior to testing with the spreading factor, both sites being the same size in area. It appears, therefore, that treatment with parathyroid hormone prevents the spread of ink which usually accompanies the addition of testicular extract. The rabbits which had been treated with anterior pituitary substance for three weeks prior to being tested also showed a decrease in the ability of the ink to spread when injected with spreading factor, the degree of inhibition, however, being less than that produced by parathyroid hormone. The area of the spread of ink injected along with spreading factor was about twice as large as that where ink and saline had been introduced. More exact measurements showed that in the control animals the relative areas of the ink plus saline and the ink plus spreading factor were at least 1:4, often 1:8 or greater, while in the rabbits treated with anterior pituitary this ratio was about 1:2, and in those receiving parathyroid it was approximately 1:1. These animals were allowed to rest for a period of about two months and were then treated again for 3 weeks with the respective endocrine and retested with India ink and spreading factor. The ratios found in the second experiment were practically identical with those recorded above.
Discussion
The failure of the hormones studied to protect against infection with Klebsiella pneumoniae cannot be explained. With this organism only small doses were required to produce death, hence intoxication by bacterial protein does not seem to be involved. In the infections with E. coli and Ps. pyocyaneus large amounts of culture were required to kill, and death following intraperitoneal injection occurred quickly, suggesting that intoxication by the bacterial protein was perhaps more significant than was actual invasion by the organisms. However, in view of the results obtained it is apparent that certain hormones possess the ability to protect against infections in which both intoxication and actual bacterial invasion are involved.
The experiments with tetanus toxin offered an opportunity to investigate the action of endocrine preparations on a pure intoxication. It is interesting to note that, although both treated and control animals developed spastic paralysis at the same time, indicating no hormonal protection against the development of local tetanus, slower death rates were observed in the treated mice as contrasted to the control group, showing that the administered endocrine substance prevents, in some measure, the absorption and dissemination of the toxic material. The effect of the hormones seems to be, therefore, on those tissues through which the toxin travels from the site of inoculation to the nervous system, tending to increase their resistance to the spread of the poisonous material possibly by decreasing permeability.
The experiments on the relation of hormone treatment to the spread of India ink as influenced by spreading factor are of special interest, since some bacterial types have been thought to possess invasive power due to the elaboration of a substance of this character. Although not all bacteria produce this material, it seems likely that many infections which take place by way of the skin may be influenced by the state of permeability of cutaneous tissues, which may vary under different conditions. The experiments reported here indicate definitely that treatment with parathyroid hormone decreases the permeability of the skin to the point where spreading factor fails to exert a noticeable effect, while anterior pituitary substance also alters the cutaneous permeability but to a lesser degree. It is interesting to note that the hormones stand in the same order with respect to their influence on infection and intoxication as they do in relation to their effect on spreading factor. Thus, parathyroid extract was most effective in protection against infection with E. coli and Ps. pyocyanoeus and in tetanus intoxication and also most active in decreasing the permeability of the skin, while anterior pituitary extract was less protective against bacteria and toxin and also less effective in decreasing the action of testicular extract. These results might be taken to indicate that the endocrine substances act beneficially in infection and intoxication by causing the retention of the harmful agents at the site of introduction and thus allowing the host sufficient time to elaborate its own defense against the invading material. The evidence for this hypothesis is, however, only indirect and inconclusive. Conclusions 1. Prophylactic treatment with anterior pituitary and parathyroid hormones was found to offer no protection against infection with Klebsiella pneumoniae.
2. The hormones studied gave partial protection against infection and intoxication with E. coli and Ps. pyocyaneus, causing a retarded death rate and permitting a greater number of survivors at the end of the experiment. Parathyroid extract was more effective than anterior pituitary extract.
3. Parathyroid extract prevented the spread of tetanus toxin from the local site of injection and delayed death in the treated group. It also allowed a greater number of survivors. Anterior pituitary extract, although somewhat protective, was less efficient than was the hormone from the parathyroid gland.
4. The hormones studied were found to decrease the permeability of the cutaneous tissues. Thus, the ratio of the area receiving ink and saline to the area receiving India ink plus testicular extract was about 1 :1 in the parathyroid-treated rabbits, 1:2 in those treated with anterior pituitary extract, and 1:4, 1:8 or more in the controls receiving broth injections.
5. The mechanism of the protection exerted by the -hormones cannot be explained, but there is some evidence to indicate that it mnay be correlated with the ability of the endocrine preparations to decrease the tissue permeability. REFERENCE I Weinstein, L.: Yale J. Biol. & Med., 1939, 11, 369. The author wishes to thank Parke, Davis and Company of Detroit, Michigan, for the endocrine materials used in these studies.
